Soy bean lecithin has been used to replace egg yolk in the semen extender. The aim of this study was to evaluate the effect of replacing egg yolk by soy-lecithin in tris extender on freezability and fertilizing capacity of buffalo semen. Semen from five buffalo bulls was frozen in tris extender containing 0.5, 1.0 and 2% soy-lecithin (treatments) or 15% egg yolk (control). Percentage of motility, livability and intact acrosome spermatozoa and also bacterial count was assessed in diluted, postequilibrated and post-thawed semen. Results revealed insignificant differences in percentage of sperm motility in diluted semen. However, percentages of sperm motility, livability and intact acrosome spermatozoa increased (P<0.05) and bacterial count decreased (P<0.05) in post-equilibrated and post-thawed semen extended with 0.5% soy-lecithin. These results reflected in the highest conception rate (66.7%) of buffalo cows inseminated with semen containing 05% soy-lecithin compared with 53.3% in semen containing egg yolk (control).
INTRODUCTION
Buffalo semen is routinely cryopreserved in extender with regular ingredient egg yolk as a non-permeable cryoprotectant that maintains postthaw quality and fertilizing ability of the spermatozoa . Extenders free of animal protein have been tested by Bousseau et al. (1998) , because the use of egg yolk associated with sanitary risks may contribute in lower fertility of cryopreserved semen directly through deteriorating the semen quality by producing harmful metabolites and toxins or indirectly through local infection leading to abortion Althouse, 2008) . Also, egg yolk in extender can reduce the respiration and motility of ram spermatozoa (Watson and Martin, 1976) . Egg yolk and/or milk represent a risk of contamination if microorganisms, such as bacteria and fungi, are present in the fresh product. Such contamination can release endo-toxins that reduce the fertilization capacity of sperm (Bittencourt et al., 2008) . Furthermore, high density lipoproteins (HDLs) in egg yolk are one factor that decreases the quality of semen by causing efflux of cholesterol from the sperm plasma membrane and resulted in change in fluidity that increase the sensitivity to cold shock (Amirat et al., 2005) . However, improvement in the semen quality occurs after supplementing low density lipoproteins (LDLs) extracted from hen egg yolk (Akhter et al., 2011a) . The main effective component of egg yolk is LDLs fraction like lecithin, which protects the membrane phospholipids integrity during cryopreservation (Moussa et al., 2002; Amirat et al., 2004) .
A viable alternative to replace the components of animal origin in extenders for freezing semen is soy bean lecithin, a phospholipid that is the main component of the phosphate fraction of egg yolk and soy bean (Campbell and Farrel, 2007) . Soybean lecithin may reduce the sanitary risks and improvement in semen quality and fertility (Althouse, 2008; Andrabi, 2009; Akhter, et al., 2011b) . In this respect, Amirat et al. (2005) reported higher sperm numbers with functionally intact acrosome cryopreserved in soy-lecithin-based extender like Biociphos Plus as compared to an egg yolkbased extender like Triladyl. Bioxcell is the only soy-lecithin-based extender evaluated for freezability and fertility of buffalo bull semen. Also, Akhter et al. (2012) reported soy-lecithin in extender improves the freezability and fertility of buffalo bull spermatozoa and can be used as an alternate to egg yolk in cryopreservation of buffalo semen.
In Egypt, buffalo semen is commonly preserved in milk, tris-egg yolk or egg yolk-citrate extenders. These extenders contain additives of animal origin (egg yolk and/or milk) which may pose a potential risk of microbial contamination (Thibier and Guerin et al., 2000) leading to deteriorate in semen quality and causing reproductive problems and low fertility rate in females (Andrabi et al., 2001; Akhter et al., 2007) . Therefore, a well defined and pathogen-free substitute for egg yolk (nonanimal origin) would be more suitable for extenders used for semen (Stradaioli et al., 2007) .
A number of commercially available extenders containing a substitute for egg yolk have been used for the preservation of bovine, ovine and caprine semen by a number of workers. The examples are of AndroMed® (Muino et al., 2007) , Biociphos plus® (Amirat et al., 2005) , and Bioxcell® (Celeghini et al., 2008) . Preservation of bull (Hansen et al., 2005; Stradaioli et al., 2007; Celeghini et al., 2008) and ram (Gil et al., 2003a,b) spermatozoa in soylecithin based extender Bioxcell® maintained the sperm quality and roduced acceptable fertility rates (Gil et al., 2003b) . Therefore, the present study was designed to evaluate the effect of egg yolk replacement with alternative cryoprotectants such as plant-derived lecithin from soy bean on sperm characteristics (motility, livability and acrosome status) , bacterial content and fertility of cryopreserved buffalo semen.
MATERIALS AND METHODS
This study was conducted at the International Livestock Management Training Center (ILMTC), Sakha, belonging to the Animal Production Research Institute, Agricultural Research Center, Ministry of Agriculture.
Semen collection:
Following sexual preparation, semen was collected by artificial vagina from five sexually mature buffalo bulls (about four years old). All bulls were healthy and clinically free of external and internal parasites. Palpation of the external genitalia showed that they were typically normal. The testicular tone was glandular, almost equal in size and moved freely up and down within the scrotal pouches.
Semen was collected twice weekly from each bull and immediately held in a water bath at 37 o C before transferred to the lab. Ejaculates having good mass motility (≥70%) were pooled for each collection day for 10 weeks. On each collection day, semen was pooled and divided into 4 parts; the first was diluted with tris-egg yolk extender (control), while others were diluted with tris soy-lecithin at levels of 0.5, 1.0 and 2%. Average total bacterial count in fresh semen was 3.12 x10 4 cfu.
Experimental extenders:
Tris extender was prepared from 1.675 g citric acid, 3.025 g tris-(hydroxymethyl-aminomethane), 0.75 g glucose, 7.0% glycerol and 15% egg yolk (0%soy-lecithin, control extender). While, soy-lecithin (Sigma, St. Louis, MO, USA) was substituted egg yolk by levels of 0.5, 1 and 2% (treatment extenders). . Amounts of 0.25 g lincospectin and 0.005 g streptomycin were added to all extenders. All contents were thoroughly dissolved in bi-distilled water up to 100 ml.
Semen freezing:
Pooled ejaculates were diluted at a rate of 1:20. The tris-egg yolk and tris-lecithin extenders were gently mixed and wormed up to 37 o C in a water bath during semen extension and cooled gradually in a refrigerator at 5 o C for 4 hours as an equilibration period.
At the end of equilibration period, the extended semen was loaded in 0.25 ml French straws, contained 20 x 10 6 motile sperm, using a semen filling machine, during filling in the straws extended semen was kept in ice water bath to keep its temperature at 5 o C. Straws were transferred into liquid nitrogen canister and located horizontally in static nitrogen vapor 4 cm above the surface of liquid nitrogen for 10 minutes, then the straws were placed vertically in a metal canister and immersed completely in liquid nitrogen container for storage at -196 o C.
Frozen semen was thawed by dipping the frozen straws into a water bath at 37 o C for 30 seconds.
Semen evaluation:
Percentages of motility, livability, intact acrosome of spermatozoa and bacterial count were determined using a hot microscope stage adjusted at 37 o C in post-diluted, post-equilibrated and post-thawed semen. Percentage of motile spermatozoa (progressive motility) was assessed using research microscope with warmed stage (37°C) under the high power magnification (x400) according to Amman and Hammerstedt (1980) . Sperm livability percentage was determined using eosin and nigrosin mixture stain according to Hackett and Macpherson (1965) . Live spermatozoa (unstained ones) and dead spermatozoa (stained ones) were counted in field of a total of 200 spermatozoa. Then percentage of live spermatozoa was calculated. Percentage of intact acrosome was conducted as indicated by Watson (1975) .
Total aerobic bacterial counts:
Total bacterial counts in semen samples were determined by surface plate method (Azawi and Ismaeel, 2012) in diluted, post-equilibrated and post-thawed semen. These plates were incubated at 37 o C for 48 h and average colony count was expressed as cfu (colony forming unit)/ml.
Fertility trail:
Total of 60 buffalo cows in heat were divided into 4 groups (15 in each). Buffalo cows in each group were inseminated with frozen/thawed semen extended with different types of extenders (0, 0.5, 1.0. and 2.0% soylecithin). Frozen semen of each treatment was thawed at 37 o C for 30 seconds and immediately post-thawing, gun of insemination was used to artificial insemination. Pregnancy diagnosis was performed 50 day-post insemination using rectal palpation.
Statistical analysis:
Results were statistically analyzed according to Snedecor and Cochran (1982) using SAS system (2004) . The differences among means were tested using Duncan's new multiple range test (Duncan, 1955) . The percentage values were subjected to arcsine transformation before performing the analysis of variance. Means were presented after being recalculated from the transformed.
RESULTS

Sperm characteristics of diluted semen:
Results presented in Table 1 showed that significant (P<0.05) differences in the percentage of livability and intact acrosome in diluted semen, while sperm motility was slightly increased in 0.5 and 1% soy-lecithin, but the difference was not significant. It is of interest to note that sperm livability and intact acrosome percentages significantly (P<0.05) reduced at high soy-lecithin level (2%) when compared to control. Generally, extension of semen with soy-lecithin at a level of 0.5% showed the highest percentages of motility, livability and intact acrosome as compared to other soy-lecithin levels and egg yolkextenders. 
Sperm characteristics of post-equilibrated semen:
Data in Table 2 showed that pronounced effect of soy-lecithin level on sperm characteristics in post-equilibrated semen. Only, extension of semen with soy-lecithin at a level of 0.5% showed significantly (P<0.05) the highest percentages of motility, livability and intact acrosome in post-equilibrated semen when compared with other extenders. However, increasing level of soy-lecithin to 1.0 or 2.0% did not improve these characteristics, but still nearly similar to the control extender. In the same time, all sperm characteristics in 1% soy-lecithin extender were higher than in control, but the differences were not significant. 
Sperm characteristics of post-thawed semen:
Results presented in Table 3 showed that various effects of soylecithin level on sperm characteristics in post-thawed semen. Also, semen extension with soy-lecithin at levels of 0.5% showed significantly (P<0.05) the highest percentages of motility, livability and intact acrosome in post-thawed as found in post-equilibrated semen. While these parameters were reduced by increasing level of soy-lecithin to 2.0% as compared to the control extender. 
Bacterial count in diluted, post-equilibrated and post-thawed semen:
Results presented in Table 4 showed significant (P<0.05) improvement of various levels of soy-lecithin as compared to egg yolk in bacterial count in diluted, post-equilibrated and post-thawed semen. 
Fertility trail:
Data in Table 5 showed that conception rate of was higher for buffalo cows inseminated with semen extended with 0.5% soy-lecithin (66.7%) than 2% soy-lecithin extender (46.7%) and control (53.3%). Such result was associated with sperm characteristics in post-thawed semen. 
DISCUSSION
Egg yolk is routinely used as a non-permeable cryoprotectant for trisbased extenders, which provide protection against thermal shock and preserve sperm motility, and maintains acrosomal as well as mitochondrial integrity (Moustacas et al., 2011) . Although, egg yolk is reported to have cryoprotectant antagonists, inconsistent composition, HDLs and egg yolk granules that interfere with sperm motility (Ansari et al., 2010) .
According to the obtained results in this study, percentages of livability and intact acrosome were improved in diluted semen, meanwhile all sperm parameters studied were improved in post-equilibrated and postthawed semen extended with 0.5% soy-lecithin as compared to other levels of soy-lecithin extenders. In according with the present results, several authors reported that using soy-lecithin based extender (Biociphos Plus®) have higher percentage of sperm motility as compared to tris-egg yolk based extender in frozen-thawed bovine semen (Gil et al., 2000; Moussa et al., 2002; Amirat et al., 2004 Amirat et al., , 2005 Stradaioli et al., 2007) . Also, studies by Aires et al. (2003) have also reported a significant increase in sperm motility in post-thawed semen extended with soy-lecithin based extender (AndroMed®) as compared to egg yolk extender.
In the present study, sperm viability percentage was found to be higher with 0.5% soy-lecithin in diluted, post-equilibrated and post-thawed semen. Similarly, Amirat et al. (2005) reported higher viable sperms in soylecithin based extender (Biociphos Plus®) as compared to egg yolk based extender. Also, in studies on bovine spermatozoa preserved with soy-lecithin based extenders (AndroMed®, Biociphos Plus® and Bioxcell®), higher percentage of live spermatozoa was recorded as compared to egg yolk based extender (Nehring and Rothe, 2003) .
The present study on the percentage of intact acrosome spermatozoa supported the highest results of sperm progressive motility and livability. The obtained percentage of intact acrosome spermatozoa increased with increasing percentages of sperm motility and livability during different cryopreservation processes in semen extended with 0.5% soy-lecithin (Anzar and Graham, 1993) . In contrast to the present results, Akhter et al. (2010) found that using Bioxcell did not improve membrane integrity of buffalo spermatozoa as compared to milk extender.
The observed improvement in sperm parameters in frozen/thawed semen with soy-lecithin based extender at a level of 0.5% in this study was mainly attributed to that LDLs protect the sperm during freezing while HDLs contents of egg yolk deteriorate the quality of the sperm (Amirat et al., 2005) and deleterious effect of egg yolk results in reduction of respiration and sperm motility (Pace and Graham, 1974; Watson and Martin, 1975) . In this respect, Gil et al. (2003 a&b) proved that non-animal substitute of milk or egg yolk in an extender results in improved bacteriological qualities which protect the sperm from toxins produced by bacteria in the semen. This phenomenon was supported in the present study, where bacterial count in frozen/thawed semen extended with all levels of soy-lecithin based extender significantly reduced as compared to egg yolk based extender (Control). Milk and egg yolk in extender can alter the sperm chromatin structure which result in poor post-thaw viability (Gil et al., 2003 a&b) . Moreover, the quality of the egg yolk is not consistent and has deleterious effect for sperm viability (Muller-Schlosser, 2001) . Some factors in egg yolk are reported to destabilize the sperm plasma membrane during storage (Watson and Martin, 1976; Smith et al., 1979) . In this line, Amirat et al. (2005) reported 30-80 % sperm acrosomal damage after one hour of dilution in egg yolk based extender (Triladyl®), and suggested that higher calcium ions present in the egg yolk cause acrosomal destruction especially below 30 °C, because of higher rate of calcium ions infusion. The component of egg yolk, which gives protection to membrane phospholipid integrity during cryopreservation, is LDLs also known as lecithin (Moussa et al., 2002; Amirat et al. 2004; Andrabi et al., 2008) .
The number of viable sperms per insemination dose after cryopreservation significantly affects fertility rates in the field (Andrabi et al., 2006) . The evaluation of plasma membrane integrity is of significance as it controls the metabolic exchanges with the surrounding medium (Silva and Gadella, 2006 ) and a biochemically active plasmalemma is required for the process of capacitation, acrosome reaction and the oocyte penetration (Jeyendran et al., 1984) . Freeze-thawing processes impair the plasma membrane functions of buffalo bull spermatozoa (Anzar et al., 2010) . The presence of normal acrosome on a spermatozoon is essential for the acrosomal reaction required to facilitate fertilization (Thomas et al., 1997) and its assessment can be an effective tool to predict the fertilizing ability of buffalo bull spermatozoa. The damage to bio-membrane system that mostly occurs during cryopreservation reduced sperm motility and fertilizing ability of frozen-thawed spermatozoa (Ansari et al., 2010) .
These findings were supported in the present study, whereas semen extended with 0.5% soy-lecithin extender exhibiting the highest percentage of intact acrosome spermatozoa revealed the highest conception rate (66.7%) in comparing with other treatments. A high correlation between the percentage of intact acrosome and fertility of frozen bovine spermatozoa was reported after 2 and 4 h of post-thaw incubation (Saacke and White, 1972) . In accordance with the obtained results, soy-lecithin extender may have been incapable of improving the fertility of cryopreserved buffalo semen as it is developed for bovine semen and buffalo sperm have different physiology compared with cattle bull spermatozoa (Andrabi, 2009) . It is pertinent to mention that LDLs (from hen egg yolk) replacing egg yolk in extender improved the fertility of frozen buffalo semen (Akhter et al., 2011a) .
It is noteworthy to mention that HDLs of egg yolk interact with bovine seminal plasma proteins and accelerate the sperm capacitation, while the LDLs interact with seminal plasma proteins (Manjunath et al., 2002) , decrease the efflux of cholesterol and phospholipids from the spermatozoa membrane and prevent premature capacitation and subsequent acrosome reaction (Bergeron et al., 2004) . It is to believe that HDLs in egg yolk are responsible for capacitation and simultaneous acrosome reaction (Anton et al., 2003) .
CONCLUSION
In conclusion, soy-lecithin at a level of 0.5% (as the lipid/lipoprotein plant source) can be an alternative to egg yolk as an animal product in tris extender preparation for cryopreserved buffalo semen to increase fertilizing capacity of cryopreserved buffalo semen.
